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ABSTRACT : PROBLEM TO BE SOLVED: To provide a hearing aid adjustment device and the hearing 
aid by which recommended characteristics of a hearing aid matching the user can be 
obtained without relying on the skill of a salesman resulting in stabilized adjustment 
accuracy. 

SOLUTION: The hearing aid adjustment device is provided with an audible value data 
entry means 31 that enters a minimum audible value and an uncomfortable threshold 
relating to one sound source 2 of a hearing aid user 3, a gain calculation means 32 that 
calculates the gain for each frequency within an audible frequency band from the minimum 
audible value up to the unpleasant threshold entered by the audible value data entry 
means 31 , a gain adjustment means 33 that selects a frequency within the audible 
frequency band and adjusts the gain of the selected frequency, and a recommended 
characteristic generating means 34 that generates a recommended characteristic of a 
hearing aid 10 on the basis of the gain at the frequency adjusted by the gain adjustment 
means 33 and the gains of frequencies other than the frequency whose gain is adjusted. 
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(7 1 ) We, NATIONAL RESEARCH 
DEVELOPMENT CORPORATION, a 
British Corporation established by Statute, 
of Kingsgate House, 66— 74 Victoria Street, 

5 London, S.W.I, do hereby declare the 
invention for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be ~ 
particularly described in \and by the 

10 following statement: — 

The present invention relates to the 
adjustment of the level of electrical signals 
in communication channels, and 
particularly but not exclusively to the level 

15 adjustment of signals representing speech 
in the transmitters of two-way radio 
systems. "Level" is used in a general-sense 
and is intended to mean any characteristic 
of the signal which depends on the 

20 instantaneous magnitudes of the signal. 

Automatic level control may be used with 
advantage at the input of virtually any 
speech transmission or recording system. If 
the input signal can be held at a constant 

25 and maximum value, then the best 
transmission signal to noise ratio is 
obtained. Distortion due to overload is also 
avoided. 

According to a first aspect of the present 
30 invention there is provided apparatus for 
automatic signal level adjustment, including 
processing means for measuring the value of 
a characteristic of each of successive 

Eortions of an input signal, the portions 
eing consecutive or separated by intervals, 
and the characteristic of each portion being 
related to the magnitude of at least one 
instantaneous value of the signal in that 
portion and the processing means also being 
40 arranged to operate on each portion of the 
input signal, in accordance with the value 
measured for that portion only provided the 
measured value is above a predetermined 
limiting threshold value, to provide an 
45 output signal having successive portions in 
each of which the same characteristic, or 
another characteristic related to the 
magnitude of at least one instantaneous 



value in that portion, is brought within a 
predetermined range of values. 

The apparatus will be recognised as 
applying feedforward control. 

Assuming a cyclic input signal, each said 
portion is preferably less than ten half 
cycles of the input signal in duration. 
^ The characteristic of a portion may for . 
example be the median magnitude of the 
instantaneous values, or the mean or r.m.s. 
of these values. Preferably, however, the 
characteristic is the peak magnitude (that is 
the amplitude) occurring in the portion 
although any root, that is square root, cube 
root and so on, of the peak magnitude may 
be used. The controlled characteristic of the 
output signal is preferably also the peak 
magnitude occurring in the portion and 
again it is preferable that the operation 
carried out by the processing means is one 
of bringing all peak magnitudes, except 
those corresponding to input signal peaks 
below the predetermined threshold value, 
to substantially the same magnitude; that is 
the predetermined range is reduced as 
nearly as practically possible to a single 
value. 

In addition to its dependence on the 
magnitude of one or more instantaneous 
values the characteristic may depend on the 
polarity of the value or values. 

The operation carried out by the 
processing means on the input signal is 
preferably one of amplification or 
attenuation determined by a control signal 
which is linearly or non-linearly related to 
the measured values of the characteristic. 

The successive portions are preferably 
consecutive and the duration of each said 
portion of the input signal is preferably half 
a cycle. The control signal is then varied, 
when necessary, at the beginning of each 
half cycle. In this specification the term 
"half cycle*' means that portion of a signal 
having one polarity which occurs between 
successive portions having the opposite 
polarity, and the term is not intended to 
imply that two successive half cycles, one 
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of one polarity and the other of' the other 
polarity, are similar in wave shape or in any t 
. .other way r . ; . v , ^ . 

'.The"; processing' means preferably . 
'-compares" each value of -the [measured ' 

characteristic , with,, a ■ reveren^ursignal 
" corresponding to./ the' above, ^mentioned 
threshold value, and varies ; the 
. ..amplification, carried cut frOrr£ e. -constant 
"value or unity toayariable yalue.cnly^the 
. measured yalue.of ,a c8ar ; acteristic;;is;.greater 
'than .the. reference signal . - ... c . y k 

With" the pea£ magnitude of . each; half 
cycle .controlling /he amplication jcf ntiiat 
e half cycle ahd.hr? , ! Mg all peaks^bxivre'tlie 
' threshold value h ..^e samcfri^enitude^Mre 
following advahtage 1 s , ; are : obtained: t < : 

(a) Tight control ef. the pcafc amp&wk of 
" * T. fhe.:speech; Waveformv; rr^c: rhtr«e; of 
, , .; f> each jjialf, cycle rjbf ^waveform^mains 
t< .", .;. - .substintMly..jinalt^ 

peaks" are of : equal amplitude. % 
.. . : (b) A rapid jesponsc v TJe}Qut^uttley*I is 
V .; ; at all times defined Vy the control signal 
. ^ but there is an inescapable de!.ayjwhich 
■ : " ri l is .^^^^th'eJongest igteryal between 
' - r z£rp, crossings-: in ; th-.e-'^x.pr.ct.ed- 

;: v; . waveform. .. ■,. r i H * .;{--,. 

1V';(& ' ^js^qr^oiu,, The ^distortion 
■ ! depends on change in isfopcjoLthe 
V ~wavelonn,as it passes, throujfe'zero, and 
J greater for >^aye|prms" having:-a 
"successive .peaks of widely * varving 
'""magnitudes; ■ ^ 



1, decrease .iri the- peak-to/r.m.s;- ratio 
•T K 7 'of the wayero'nn. By brmglng-up -..the 
smaller 'peaks to/tlie level. .pf,thf/i largest, 
>'".- the .i"m.s. level "is increased without 

increasing the. overall amplitudes ? 
•*^ e ) Relatively pimple" implementation. 

' " The peaks of the waveforms are* easily 
<t . , measured whereas measuremjenfr;Of the 
Y -average of . ron.s.. level of e^ch/half 
./cyc^^qiildj require the division, of the 
\.' 'time; between zero crossings. . : ! 
,'pther, advantages are . discussed . \ below 
with; reference .to ; Fijgurcs -6 „ ;7 "and; 8 . Aa isi 
mentioned rbeiow apparatus with f a working , 
frequency range of 5Q Hz to 6 KHz. may be 
constnicted- :i r. ; - 3; 

If -the-; chr.ra>tenJie is measured^ over' 
two or.:. more intervals -bet weeii zero 
crossings . j ,and; the; gain is adjusted at the : 
beginning cf : each* such group \>f^ ! mtervals, : 
then the . speech waveform will retain its- 
pattern: for, % longer period and there' is a 
possibility, of .-improvemeW in* speech^ 
quality^'.;.* . ,' & :■: j \ ■ ... ' 



period and switching to .the fixed -mterVal 
during unvoiced souuas. * Li ■ 

s The said 1 predetermined threshold value 
may ; be regarded : as r a limiting threshold 
below which Signals are amplified by a 
^constant facton. In some circumstances it is 
useful to have a zero threshold' When' the 
said pi-edetermrjed threshold value is zero 
Instead of using a single limiting 
ithreslioldv several' thresholds v may\be 
-.employed ^and • the :; gdhv" applied 0 varied 
< according teethe YelaKonship betv/efen the 
measured c : h'aradterictic* and the vanous 
threshold's.^ --^ ! ' ' ■ " ; 
r;c If the 5 - lov>!er -threshold is .regarded as ' a 
^seahreshold, the jain b r elow/the noise 
thjeshold may be umty or some other low 
:Vajiie;: vabove r , or below * unity; 'and 
-consequently noise* dufmg 'inte'r^ak 
;betv^ensiipej;'ch <k\ abVaccehtuated: ' \ v 
e v Additionally mcSihs maybe r>rovidecJ : f(jV 
;measurin£ ithe v - signal ; to noise 'ratld t; and 
.varyn- the" nc'sS thfdshold or thresholds in 
dep - du *: n jp'6n' 'the" rneasure'd:. ratib. 
Alterna'-y^y *thc- processing 1 means v * may 
ysiy .Me limiting*' threshold, /accorciihg/'id 
ilp^erf Ity^r -mea ; suTed\ % o'v#r '% " 

rerle;^ ji;-:icbd; *iniervaT> Similarly^ the 
pf(>c^.siiE^i means-ririay iV var.y .the "noise 
threshold according to fflLeasureil noise level 
sneasuned- in intervals - when speech' is 
cbsent--.^ y' ; . : : h -2- *o r ■■- :q 
-The processing mearis ■ May MncludS : a 
pr^gf;?;mmed microprocessor' anaj* in 
associated memofyi ^although sonJe, or c all ■ 
functio'ns^ may be performed- 'by "special 100 
piirpo5e'cii'ciiiGs;r '•• * - ■ 
Where apparatus according to the first 
aspect --yof^ the >^inveritibh ^mclades - 4 a 
picroprocessor.^the apparatus may als6: ; 
include -a sample-and-hc!d circuit for 1 
sampling analogue signals -and an analogue- 
to^digital/ converter -for converting the 
signals held: by the sariiple and hold circuit- 
to. digital signals fonthe microprocessor. ; ' 
Variable ]?£in mearis mav aJsb'be orovM(*H 
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/Alternatively,; processing, mearis. may 
measure" the characteristic -.over l a pitch : 
period for voiced sounds', arid, over -a fixed 
interval," for \ example eighV to , ten f zero 
crossings, for unvoiced sounds; the 
processing means measuring the pitch 



Variable gain mearis may aJsb'be provided 
to amplify peak signals and bring therii-td 
the, same yakie^The ^Variablergaiii means 
may;;then 'include . a programmable reaa- ; 
only rr.meinory i-con'riectc J^-to the v 
microprocessor to be -addressed^ by 'digital 
signals represeiitative of peak magnitudes in 
half cycles;^tfce ^programmable rekd-pnly 
memoiy being ^programmed to read oiit 
scales factors, determined -by applied' 
addres:es„':Tiie variable gain means may 
then also* include f "a multiplying digital-to-' 
analogue converter which is connected to t . 
, receive digital sample signals representative : " 
.. of apparatus input signals at. onewput ami 
. to receive: the: signals read ; out; from the 
.! prograrnmedjread-dtily memory -at another 1 
, input. 

If a companding analogue to digital 
converter is used, the processing means may 
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operate on signals from the converter by the ^Figure 6 is a graph of input power level - 
adyA 1 l P n . of.... a, constant -num-b^r -againsr expected output "power level for" 



representative of the desired - .maximum 

output level of the apparatus and . the 
^subtraction of a.number representative of 

the measured pelak,signals to provide signals 
.representative pf , the -logarithm of:! the 

required " apparatus . output signals; a 
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xfifTereiit. noise thresholds for the 1 circuit! of 
Figure 3.^ t-v . .; . • r-v ... * 

Figure 7 shows expected graphs, relating 
to signal t to i noise ratio for the" circuit, of 
Pigurer3, ' -' 1 ■ ' ' ' 



^ - . n t • . u , ..... . ■ r • - - f igure 8 a- graph of articulation" against 

5 om l?^^^tal-jo r analog.ue converter 1; signal to noise ratio expected fbi- the* circuit 

of Figured, £ " - ' , '■' - . 4 



being; ' pr6y:i4e5\:tp ir gen^rate : -- apparatus 
.outp ; iit 4 signals. r " V ... . , _ 
V.: 'Ramp ^transmitters; qt receivers;, or 
'.telephone : chaiihels may ;in elude LapparaSus 
' according td the uiventipn as ancaidrto 
intelligibility and'effjpiency of /transmission. 
" The characteristic value of portions of the 
output iSignal may i.addhiqnajly ^depend! on 
other Signals, fbi* example a, feedback sighal. 
//AcQording.^to r a second aspectoof 1 the 
present invention ;; there i$ v provided*; a 
ntethpd of automatic signal 'leyelxadjustment 
including the step" qf 'jHea^uriri^tfee-Yalae^f 
a - f cXaractef i^tic. . ( of ^each> bi a successive 
ibrtipn^.of^ari^ input signalv-theaportaons 
being ^p^ecutive^^ 

4na, the^cpara^risticrof jeaeh ts^iSrtbein? 

related Tto. :the» magnitude ? jpf : aav&ast -onto 
iostantanepus value, of fte; -signal* in \that 
pbrtion,:and the step of bpeFatingr^^eash 
portion/of the injp^ : »gnal,rw^merdaiiG3 
fritl^.tiie.'r value .^measured: ,for. that portion 
only provided-^ he measured value is :above*a 
predetermuned ( pmitin^ 
provide an output signal having successive 
portions., in ^ach^pf; which: <the same 
characteristic, : , or . i another characteristic: 
related "to . .the, , magnitud e jpf - at least one 
instantaneous ^ value . v in that portion; is 
brought within a precietermined raage-of 
values^ , j} at .;f ;V . -s - ar..; ^ 

. The i ^ above mentioned examples - • arid* 
preferable ways ^Qf ..putting, .the ; in vention^ 
into effect given, for the first japsect of the' 
invention apply also, to- the. second aspect: " 
The apparatus of nhe : invention* may 'be 
provided in part or; whole-.by a programmed- 
computer "andlj^e methpcV of -the. inventions 
may r be peffbrmejd by : a ^programmed 
computer.." Lff \ y :> , t t, r. ai^ z , • vi-r .,j 
.Certain, embodiments lof £he invention" 
will no^ibetdes^iibe^, by-way of example,: 
with reference to the accompanying ■/ 
drawings^. in which:^ , J . t^rc-vdaz 

.Figure ! is : ,a simplified block diagramvof 
apparatus- according^ to the inventibnp ". ~. 

^Figures 2a and -2b show , waveforms* 
occurring in the apparatus ;ofv Figure" 1; . : 

. .Figure 3 ; is<a more detailed block.diagrarrtf 
of apparatus according to Figure K > r:=:'"- 

, Figure; 4 shows a- schematic diagram 
illustrating;;the operatipn of- part of liie : 
apparatus-, of Figure 3, ; . / ; , ^ ... r. * : 
Figure 5 A shbws : a flow diagram illustrating, 
a program fbr~the niicroprocessof of Figure : 

3» ;;; 
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j 5 i? Figure". 9~is a block diagram 6t another 
*; apparatus^ according to Pigure 1 , ; J, 
^Figure 10 is«a%ch"ematic of the proceVses 
which occur in the -microprocessor" of 
"Figured, k ^ r- v - ^ j J V 
-nFigu^e- %i "'ihow« 3 .ay flow ?diag J rarn 
siM-M-rte^*^ u a V>^TAani fbr ^the 
Trmcroprbc^sSbf 5f Figure 9, Li t : r 

Figure ^t2 ^shbw.s-^tn^ In^ut^utput 
1 characteristic of a coriipkrMing ar^aloteue to 85 
Idigit^L eoflverter^ used m Figiire £ 9^ And 
c*i ; ffiig!u**^i-3?- 'shbw^' inputybutput 
iidia^^cre^iioics-fof ^he r ^p6afa1iui of Figure 
9. i ,ibu:U^Ji ••■^■-r < *v 

>: In ordeT-tbilttroc^ce.&eimpIem^^^^ 
^of;ithe'invehficmtit-is 1 '^ with 
•ref ef ence" ttf the sim^lrfleti block diagram of 
;F%>ure : ' :l ; : ^€iecf^i v cal : Tnptrt" signals 
:represenmtiv4i - for 1 example bf speech are 
applied to a terminal 10 and pas's, to. a circuit 
1 r'L-w-'bfcfr detects each positive and Negative ^ 
pcakiatid 4pf)lies a control voltage to L a gain 
©ontronetS^Sfage^ 12:* Signal's frdrh the 
terminal lfr also^^ass. by way^of- a ;delay 
;c!Hic.uit 13. so arra!nged"that ekch tidlffcycle 
passes through the stage'" 12 when , the 
control vpltafee ? is ^determined by the^peak 
found -in*, that half cycle. As' succ^sive half 
cycles ipalfs from the delay circuit 13 the 
control voltage : applied to the r stage ' 12 is 
changed so that 1 it alwaW depends'upcfn the 
peak -mtfasufed fori the half -cycle then 
applied to^the stage '12. c ' " u 7, \ ; 

In this way' an mput signal 14 (See 'Figure 
2) is afnplified to have ttfe/form sjttpw^u at 15. 
The peSk detector circuit I T fe; constructed ■ / 
to apply a control voltage i^virfg umt^gain, 
or low fixed gain^ if the peak detected-at any 
half/cycle ;is "lesEs than a 'nbise r thr¥shbld 
shown at -l€in Fi^ure' 2. In this way only 115 
sighal. iss enhanced ' arid n<5t :t rioiseP The 
control voltage applied to the kage 12, 
when peak&aEe^abQve tke Jioise^ threshold, is 
such that reacji peak is.' adjusted to a- 
magnitude which is the maximum which catf 
be fiandleo\without distortion^ by apparatus^ 
connected to an'putputFterminal l7.-Thus if 
the input signal is a ; speech signal from ia- 
microphone and the output terminal 17 is 
connected to a transmitter, the transmitter" 
always receives its input signal, at an 
optiinum level and with an ir^prbvjed;sigrial t v •) 
to noise ratio^The control ^nal develbped . 
by the peak detector" 1 1 aha^appliecJ to the ' : 
stage 12 y is shown at 18 fii Figure 2. v / . "130 
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One way. of implementing . the. apparatiis Aidmes'u under the control of a program 65 
of Figure 1 will now be described with - stored: in' the microprocessor; 
- Werence.to. Figured. An input amplifier 20 ; The.7 magnitude bits and the sign bitpass 
connected to receive signals from the input = under "the ^control of the microprocessor 
5 terminal 10 provides an appropriate input ; -.program through the input/output port and 

impedance *for, the sourcepfor i example "?a : ; the'.mtef ^processor itselHnto a'-memosy 27 70 
7y: microphone, which , is connected: to the \fwhrchi is partially illustrated in Figure 4, in 
; ; ," fj terminal 10. -In; addition. the, amplifier 20 has -that it is notionally divided into two* 128 byte . 

the gain ; necessary to - raise) . the^ maximum ^random access memory (R. AIM'. J. sections- 
10-, expected peak input; signal* to- the .voltage :-30;.and 31? The memory -however : also 
: T which fully loads a.sample android circuit^i includesua lead "only 'memory. (i^.ttM.) 75 
;" : disconnected at the output of thc-amplifiex T : Lwdoiy, of.-ise'-^ytes which 7 stores the 
'; ■, Equalisation-to 'band^iimit i&eooutput.v program fdrUhe microryrocessori- ; : . 

^"spectrum of signals applied,' to the terminal*? ^Figure 4 shows a patbfor sigrials : trdm the 
15 la to less than half the samplingiratbof the A.D.C 22 >to ;the tv;o R;-A.Mi sections 30 

samoie.and-Jiold circuit Shis also^cHieved &and Jkbut ^although this path -includes the 80 
,7 Vbv the amplifier 20.;:- fi ai .< ^ .; ..u circuits^ 23t to^ 26- -they are 'omitted' from 
r ^The,. sainpb j Jtnd holdf circuit 21*- ^Figure 4rf6r simplicity. R;A1M. <sfecti6n 31 
!y vmomentarjj-y •:r^tains^ ..each; of .j ah series ofr •stSres.'the 8;bite^of each sample ma-'first-hr 
iO ^nstantaneQus values oY^eisighaJ'fEom the. first-ouO mode 'sunder the \ control ' of the 
: ^amplifier- 20 Jattdr.applicsr^m^to andsnucr<#roces&3r ■prograLm^'Th'us- 1 after 128 85 
*"V ■ analogue to : digital Converter j(&cDj.60 22. -samples have been stored the f irst sample to 
';-.> V Samplings carried out? at atfate such that at ;:b.e. stored- appears at" the :OUtpUt of the 
J ^ t^e -highest frequency ,tQ be handled* one- ; isection M: £Ile;-,mitiFoprocesso'r-1inder the 
iSv sample>occurs4n -each halficydev; t^i :« racpntrob of^the program determines-: and 
;;; i; : <The analogue, t to digital diconverterrJ caiciilates. from; the. samples the^eak'value 90 
/jr ^noratesVan 8 bit > signal for f^aeh sample? oT each, half cycle ;of. the oinput Hvrweform, 
^e-fim-blt in'dicates- thp-sigii of ithfJ-sa-mpie; :?th€^[^^:rdso^bQing : stored- :oii;^ 'first-in r 
i.-and^the : remaining,; .7-' bite: indicate the"* firstr.u;? basisrThe microprocessor under 
30 ^ ! magnitude of the satnple .tq the; nsaa&i one 5 the .control of its program also =test r each 

of 128 levels - ^ « ; ;-\ri ;u; oi sample, as it is emitted from the sectional of 95 

As a result -of : sampling ^followed of 4*!f ^M^to/w by iefefe^b^e sign 
c analogue to> digital ^converlioi: the ^ bit «i whether^ zero crossing h^ oecurred. 
. v dumber specifykg the highest pbsMv^level l ; soon ^ ^ zero, crossi;ig ^Ucted the 
35 is,7 zeroes while^e lowest possible positive Speak^for the ^subsequent ^alf $de is 

level is 7 orfes. For negative samples the:, passed; from .the : R^M. sect: % 30 to a 100 
lowest magnitude is sp^m by 7 zeroes . progr^meo\r^ody TO(P.|^ 
while the rnost^ negative, is speciffed.by V ^^;% d ^'1L^ C ^ - C< ™^: 
: oneslln ortler to.-splcify the levels. in ^ positive i.^p^><>.3;^ai^top the peak values 
40 1 lalf ^cycles by numbers" wm^h increase with- ^^f ^ c ^V 23 of the ^AM^pass by 

Jricreimg-magnitude, in the sariie ..*&1hX circuits^ befor^reaching the 105 
' rv featiW*-iaif Cycles are specified/ each P-R-O-M 32, for^imphcity these .circuits 
:;j ^StuWbit ^sample ^passed to ^ ^^X?^T^ 

^|n™^ addres|th6^^0;M.^ 110 

. inverter 24 the output of, wWch¥ connected- ifl^'j ^^^J^t 

; ^b^inAuibfeachlEXjORgatem ..F;R : 0;M. 5 '*-a digital si^al representing the . 

; - 23. As IresultMtMalhi^de^bto^^^ ' 
50 ra ah/input/out^ut ^ort 25". signify,. bUy to. ther.maximuin^system level tftat ^is; the 
- lumbers w4h:&cre^se f rbm zlro jo 128 as\ f f*^ *°? s tant amplitude for all 115 
^agnitude^intr^ the- ^ c^lestocg peaks, above the noise 

" ? '■y^iJv-nr i^af Ivp- «*4i> J • ^ threshold ; The scaling factor is . 

m^Wm&y*; sense. ; - .approximately equal to 1284ivided^by the 

. Id Figure 3- where : a uunwral ,is : adjacent ^Ued €alf "cycle* peak. Faster ^machine 
55. v ; to an.obli9ue:str^oke v on a hne- representing operation ^ obtained- by^using a PiR.O.M. 120 
; ;. connections hetween circuits, the numeral t0 provide the scal i ng factor tharf by using 
V Mipates'tJie number^, bits ^ papsmgjy^way; . the .microprocessor to calculate the scaling 
of the cpnnecUon^Thus; the input/putput factQ nl ^ h of COU rse, with -more 
, n : VOtt 2$ ^receives the 7 magmtude bits of v , pow - er ful microprocessorsrthe sa;.ie speed 
60 each sample from, the group of EX-OR can ^ e - maintained wheh the -P.R..O.M. is 125 
' 1 gates 23 and the sign bit fr^m.the converter r not used ■ QT ii*- a slower operadon speed is 
v " 22 -';-':\' 1, * ;\ „ . . adequate the P.R.G.M. may bepmittsd. ... 

v " f The. input/biiltput port 25 controls -signals s Tlwscaling factor obtained is-applicd to ' : 
y to and from a microprocessor 26 and it control a multiplying digital to analogue 
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converter (M.D.A.C.) 34 which -again is- repeating' peak: valuer, so thar it is "always 
showiv connected directly; ;to. the R.A.M. /fulliandthe required' peak value is available 
section 31 but in fact is connected by way of at . the head of the second queue when the 
r?,r several other circuits to the -output of the samples from the corresponding -half cycle 
5 V -^memory 27. The first sample emitted,by the -start to^be emitted from tW head of the first 70 
b . R.A.M.- section 31; after a zero\i:rpssing -is . queue:?^ ^ ,o ). : 

.detected, is applied by ^microprocessor Returning now to Figure 3 to 'follow the 
\ _>6to tne M.D.A.C., passage; -ofir samples and peaks from the 
r; .factqr tf apprpRriate to the. halL, cycle ' mierdprocessbr in : more, detail; digital 
10;-^?ft^*™M. that, first sample, -has- been .signals'? indicating: the ■: mangitude of half 75 
v apphed rtheretp. Hence; every half cycle of - -waveform peaks are passed to a-comparatbi 
^ tl? K°§ U ^ : s^al sfrpm the output of the ; ;48 under the control of the microprocessor 
Kf; M.D ; A.Goi34 has: the same . peak - value,: 1; program, by way ^of the microprocessor 26 
provided the ; qorra^ input/output port 25. Peak values 

at -me .terminaU iQ: has; a, peak: .which wasi7i;for; half .waveforms; are ^ cbmpated^ With a 
greater than\the noise threshold^ J..A -n^aoiseidaaresfcold i^the:comparatpr 48. The 
: t :The_ program* for the microprbcesspf^26 'is* ^threshold ais : f set - up by taieahs Of Seven 
based on the flow diagram shown in Figure switches in a groups of "switches shovtfri as a 
5. ;Firstly a samplers passed torn, the foead single: switch 5 50. Each switch^ is 1 closed 
:?A a.first queue,(Qj formed^ in>the RiA.M. ^applying a voltage representing «a^ohe" to 
secJion r: 31, to the .MJD«A.Cii:34vdsi an!.; thei comparator 48 if th« - digital^ signaf 
operation 35. ^Oiecnext L mput saniple^;then repre^enungvtKe threshold is^tohaW'a^one" 
: : v.adcled^af the taihofthe Hrstrt quene^in ah"" .in aJbit positrotf represented by' tha^ switch 
operation^. Next a-.test 37 Jsxarriedwit On UK a peaksignafcis.gr eatef than'the threshold 
25;,; t&eiiextsampleto.beadded to^^^ signal Is ^asse^by %ay"of a 

b;:s fiist.quejie to determine: whethef^the Sign of switch 5 1/ to* an; each- gat e in*a group'of AND 
;bit ;is different ^fronr' that of :the last -v ; gates :showh- as a single gate 52. Should it be 
; r^. : s*unple a<Jded to r: the flrsU quem'lf no ^ required toi pass^the sSgnal ^nsaga the 
ehange^n sign Jias occurred -a ; forthe^t^st 3&r ^tehi: without automatic gain control the 
30 } ^ earned f out;. to deterrmnei whstlreft the: switch :5^1 may be switched to the position in 95 

sample just parsed to the vflrsr queue is -o wtriclinth& gate's^ in^the; iro\ip :t 52 -do not 
a ! greater . inr amplitude than the I previous receive the enabling signal- - ■■ ^ 
^ . sample, Jfi not the microprocessorirests for b-yThe seven magnitude bits of each peak 
xvAwp intervals 40, ajrd gates in 

35„- re.cpmmenctng/ the flow; cycle cat: the fir^ othe group <?£ gates 52 so that the P;R.O.M. 100 

« operation [£5jhy way of ajump^o-start 45.1f , 32 iironl^ addressed swhen^a peak, signal is 
s : on the other handr the new sample is greater f above the^noise threshpldio * *■■■*.** : 
i itfean the previous sample the new. sample is > c; n ^ i> T* nx* 1™ r -\ 
^ temporar^iiieJd byTthe^ microprocessor -^^^y^^r^^^ 
40 .overwriting a*ycpreviom te^ t dm4ed;.by the 

:in. anx>perati Q tf 4ahd then;Xir!aiJinterVal p^O M 105 
erf: 4Kthe flow cycle is repeated commencing ^xL^ffil . 
,tv with the operation 35.; : J,' : .^E r ^ imate : J^ e 7 a F e chosen to provide 

AC ' If the result of the,te^57. indicates that a- of^l^- r? A ^ W ^^th^output 
45 v ; zerp crossing has occurred -at the tail of the oo^iW e - - ; -C^' ^^/^^^fe:^^ 1S 

;;rir§tqueueithenthe^alue heldasaresuk P ^ " ' : ; ' HO 

the test 42 i$ scored in the R.A;M;<section 30 ; Magnitude bits;df samples from the first * 
,.r as r part pf *^a second queue (Q.) in ah' ^"eue^m fhej -KiAiM:.. section Jl. pf the 
operation 42. A test 43;is then. carried but to ^?W>ry,27 are passed un'der tfte ;co;ritrol of 
50.,,, determine rwhetheri ja . sign: Change ^ has ^' mibrppro^esspr- program; by. way ..oif the 

occurred at the output of t^&^ and ttije , ThpWbutput 115 

not the cyqle starts again at operation 35 ;-t^n 2S to^.a group of exclusive jOR gates 
after an interv.a^ £4-*nd the jump to start 45.. j s?own as a single ^X;Op. gate 54; Each sign 
,j IA on the other hand, a smh , change has" J?*t Passes by jth^ same r,6.ute 't6 r ah Jnverter 
55 occurred ^t the head of the wst queue ,then ^3 and thence td'each gatp in the^grbiip 54. 

an operation 46 transfers the digital signal at Jf e inverter -53 and the' gates; in the group. 1 20 
thejhead of the second qu^ue to address the 542 reverse^ the process" xarrieti but by the * 
- .;P.R.C,M: 32.; ; - ; ; . : ;r -, : ^ ' gates:23 and ,the invertfer -24 1 before' the 
The second, queue is soccontrolled by the w S^ m J?lf ^? n als are fiassedH^the M.D.A.C. 
60; 7 -microprocessor program^ that although the xv'tJ^ S1 ^ n also passes directly to the 
. R.A.M.. section 30 mav not be. full/ the "M-AAX. 34 from the ihput/du^ut port 25. , 125 
„. /sample at the head of the second queue is ,; A tow/ pass " filter 55-"ati:enunteQ - th~ 
.al^ays.ready.to be passed to RR.O.M: 32. sampling steps iri the ou&t^avSm 
sre :A|ternatiyely,rthe program imay, pack; the the M.D.A.&. so smoothing 1 the ^waveform 
65,, R'.A,M,rsection 30, for example by ^generated, ^arirf an ^ 'arnjK 
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provides appropriate .matching arid', a * .arid * t)hLe\ .values -shown 'for Tare the 



suitable outputleyef for Subsequent circuits. 

> The component circuits used jn "figure, 3 
may, for example, be as follows:— 
Processor 26: < 

Intel 8080A Microprocessor chip 

Intel 8224 Clock generator 

Intel 8228 System controller 
,- : Input/output port 25:'TlfiteI 8225A.' ! ; ' [ 
>.r Memory 27: "^v > ' ' -'y • -' f; 

Random •access l 'memor/-2 otf Intel 1 P 
; ; ;-: -2101 Ar. nv,*n- *i ^ 
: ; Read only 'mein^^'ofF-Mfel'iQ'' 36&L 
O. Analog:ie-ro-cigiiai • converter c 23: :r B uf r 

; Brown ADC--82 AG! r.sc.TOfi '"fi-a i 
r Sample-and-hold^ ckcvh^il:^ Eiirr 

JBrown SUC 30 KP. 



. percentages 'of the maximum systemjevelat 
"which the, noise threshold is set. Hence 
' w^en^T^O.tUere.is no* noise threshold arid 
^ the output teVel is independent "of. input 
^variation' oVe,r a rang? "of ,'35 dBm. Even 
signals at^a'leV^/pf -50 .,dBm may be 
increased t& a satjsfact!dry; iisf.eriihg'level. 
'Ai.the other* extreme when ,T=100%,-no 
[ 'peak'ampjitude; Ipvel .adjustment is 'carried 
;-;but and, tfte' jfcl^cterisHc 'is linear. \- t" 
t r ^The^harac tenstic sjfiown in Figure 6 t was 
, obta^mg*wjtn linear ehcocling and. decoding 
■ carried bu't/bv :.theV If A.D.C 22^,and f.the 
VM-,D l .Ajej/34 ':but linear .ejicodihg.has the 
! oisaflvalitagb that sinllr signal's are encoded 
J in: m agnj t u de f " j nc r em e rit s, r jyh Jch are 



20 




'encoding ..while ,'fpr 

; large sjgriafs^hey are corresponding large. 
;With ^ ^ ericodciv 'the . level 

; control; shown Figured may .beVextehiied 
;from^50 d3ni ;to -kbiDut +XdB'ni:.'" . ) - 
' : ' Figure "7 ; shows the expected: signal .to 

„ — _ _ tiaw noise ratio improvement for the system "of 

sampling rate of. the- circuit 21 and the '"figure 3 using the.. 8O80A micrdprbcessor. 
conversion carried rout : by the A.D.C. 22. ^Three 1 curves ;afe shown:-— \, -V 
Thus the sampling rate is approximately 6 ;:i f;€iir>e; 57 "relates !tb'i eq^ial Input ^and 
KHz, :ar.d therefore the- bandwidth" ohttes ^output Signal to 1 ' noise ratios, '"" - s rr: 
apparatus is 3- KHz.. ,<r , r^^—r^isT?^* -*Gurv£ 58;*sBdws .the, signal to noise' ratio 



331 — 8 

With the circuit .described in connection 
with Figure 3- using a type 8080A 
microprocessor, one^ cycle of the program 
takes approximately 166/z seconds. The 
microprocessor provides control signals by 
way of channels 57 and 58 to control the 



The first queue in the R.A.M. section 31 
noias u» sampies 'and each sample 
therefore takes T66/i secs.x 128=21.2 
milliseconds to pass from tail to head of this 
queue. Therefore , the signal delay is 21.2 
mill^ecbnds whjdh is thought to be 
-sufficiently srMI ! as to be iinnpticeable tp an 
operator when J speaking into a microphone 
and at the same time hearing the rirbcessed 
signal * fc < '"' r . ■ 
s -With 128 samples in the first qUeiie^the 
lowest frequency that the apparatus ^c an 
h'ahdle-is^ : " • • - tf - '-'^ '■ 1 



• improyerrient which, as "can be seen/reaches 
% tnpSmUm. at;an input signal jto noise- ratio 
: .ofjat^.6%-4B/ind. ' , *' ' ;7.\ /t " "y 
;; ;CarVe. l 59 'shows i*a~ . normalised . -output 
"™*v io^fii5is^ratid,of*,r/ r ' r ^] 



2li^2 



-20Hz 



The. frequency^ range* of 1 the apparatus^is 
therefore 20Wfcf 3 KH£ ; ' : 
J 'Clearly the 'fbatid width ahd J signal delay 
can, be" vanetijby changing the number of 
saniples : ; in- thc first -'"queue- or by writing a 
processor program having f a different: cycle 
time.; l { 

The : effecf of changing the . noise 
threshold on, a^ system using a type 808OA 
microprocessor- and of* the" form shown in 
Figure 3 is -expected to -be .as shown in 
Figure 6 r wiiich is power leve'Finbut/output 
charateristic. Ciin'es are shown for various 
values of the noise threshold, designated T, 



65 



70 



75 



80 



85 



90 



95 



100 



105 



Values for ^calculating the improved .signal 
tp noise raticr^re measured by transhiitting 
noise below the noise. threshold with a gain 
of .unity, when, noise. level is" to be measured, 
>nd' r when;.sigfial .level* is to be measured 
transmitting Speech ^above the " threshold 
'wfiibti .a 'elevated, to the system maximum 
level. ..-..I 

J "Another indication of performance of the 
system of Figure 3 which is expected to be \\q 
obtained, with the above-mentioned 
microprocessor is shown in Figure 8. Here 
artkufation, that is percentage of words 
tecognised by a ; group of male, and female 
listeners,; is,.protted against . signal to ( noise 
ratioJThe threeTdaVhed curves 6i , &Z,ancl 63 
^how unrirocessed > speech and correspond 
to 1 the loude'st;. talker,"' medium 'talker and, 
uuitest talker, 'respectively. The solid curve 
64 represents speech . processed bv the 
apparatus of Figure 3 tor all types of talkers. 
It will be seen that for the medium and 
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quitest talkers the articulation is greatly 
improved" so 'that unintelligible speech may 
be made intelligible; The. inclusion 
processor at theUhput to: a jiojsy' voice 
"ehannel is worthwhile if the 'channel, signal 
tb' noise ratio is worse' than 28 ~q!B*. Most 
multichannel ; system's, have a'sigrial! to ritbise 
ratio which; is Jess than; & this; Jr 5 v/iU .be 
- appreciated thai many change^ can be made 
in- the apparatus of Figure. 3. .For .example 
; the microprocessor 26, r may be chosen so 
-that it'cari^.hahdl^ a/lai^ex-ntf^ pf.^its 
indicating Sample size: Th^ l j^iprbprocessbr 
may alsbitake' ovfcr sbme^bf'th'etunqftoHs. of 
'other 'parte of ' the a circjLiit, Jor, exath^e.it 
-could^make the conversions earned out by 
"the exclusive '-^OR g-ate^. 23 anct.54;and "their 
-associated ;inwrj:ers^24 'and7/53.7TJie 
microprocessor may .alspVcarry ^out~ the 
multiplication ;carrjeoV but 1 by^t^e*'R J R;6.1^. 
32 and the .M;l5.A;d ; 34 and the ^ cbitipariipn 
carried out' by the; comparator ^jun.fact 
apartV from ; analogue~ : ^ 
: and 1 digital - to analogue; f pbnve^sibc^ l the 
wfiole^ process of' peak; 'amplitude .;Iev,ei 
: control can 1 be; carried t oU^ by f full-size or 
micro computer.^ Equally t al I pi: part of the 
microprocessor jsouid be/JreplacecfT by 
dedicated hardware. ^ . . l v 

\ Since the . "multiplicatiq^ 'by" two^'oft-a 
binary- ^urhb^r ^cari "be achieved by : -tlie 
addition of, zeroesPto the' least" significant 
end of tlie number;- &elP;R:6,M. 3? and the 
M.D. A.C. 3,4- may; beVreplacfed^by J £ sub- 
r outin'e add ed 4 -tb_ ..the.' . mic rbpro <? essp r 
program/ 'Th'e; subroutine \tes ; ts' 'each 
halfwave peak Value* against -the'ma&muhi 
output level of the system and' if tfie'half 
cycle peak is greater than half die maximum 
system output level no change is 1 Wade;' if it 
is between half and a quarter of the system 
level all samples in"' that half cycle are 
doubled by adding pne zero; and if it is 
between zero and a quarter of the maximum 
system level all samples in, that . half , cycle 
ar"e; quadrupled, by ; -the* addition' of two 
zeroes. -Clearly bther schemes of a similar 
nature may be employed; . ' ""'[ .... 

The ribise threshold' refe'r$iice applied 40 
•the comparator 48 : may;be , Variable to suit 
different signaFto noise ratipsfano! means 
may be "provided for measuring the signal %o 
noise ratio and generating a noise threshold 
reference 1 in ' accordance "'with* the ,ratio 
measured. ' m ; \; \ • 
- ; '"A disadvantage 'in the operation Jof) the 
apparatus of 'Figure 3 "is that . when,\ for 
example; Half; cycle peaks , in. speech .span 
the noise threshold 16 of Figure 2a portions 
of 1 the 1 same word may he comparatively 
quiet wfteh reproduced" while ' others .ate 
amplified; fully; This reflect, can" 'in some 
circumstances v make spee cK..\ difficult , to 

understand.; . "* /.::/;* r ;;.r *• . 

9 n ^ m ^ t - of .cOYejeomingl this 



^disadvantage is„ to use, a limiting threshoId-66 . 
;(see Figure. 2a) so that . any half -cycles 
;having peaks filling belqw.this threshold are 
'amplifiedrby a fixed gain : great erthaivunity, 
forexample. ; : - * V ' *• T''" - . * 
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where T„ is the:rioisb threshold level.- With 
a gain of :^ r >' «. i u\ . ; - 



a :low value fcfr T L .will accommodate ' a, 
wider range of yariatiph , in level at the input 
whilst maintaining a constant output, but it 
will; /acceh tuate H • backgrouncL noise- during 
periods when speech * is absent an3 it; is 
there/ore preferable to ^ mcorporate J }the 
noise' threshold (T^) . . T t . , ; ^ - : 
The Apparatus of Figure 9 fotlows the 
same basic pattern as .is outlined with 
reference to , Figure 1 and follows the 
scheme outlined iff the™p,reyious paragraph. 
Inppt signals from an input terminal 10 pass 
to an amplifier and bandpass filter 67 which 
has. the gain necessary to, ra^se the maximuni 
expected peak input; signal; tp ;the yojtage 
which fully loads a sampleianjli ^fciold circuit 
6,8. Instantaneous values of the input signal 
are .held by the sample and hold: circuit 68 
until passed to ^a companding analogue to 
digital converter' (ADC) 69 under . the 
control of a "sample command*' signal from 
the.Apcr. ;, " j.'"^ - J 
. :The ADC generates ^aa 8, bit -signal for 
each sample. The 0rst bit indicates; the sign 
of -the. sample and. the remaining .T^bits 
indicate the magniuide^bf the. sample to the 
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whercS^as.the-maximum required-output 
level which the apparatus is to supply and 

rT L . is •the^threshold level ,66. ;i - 

In an alternative unity gain is; employed 
for r halfucypIes , with . peaks below the noise 

„ threshold ,.16, a. fixed^gai.n. is employed for 

* sfgnairbetween thevn.oise ^thfeshold H6 and 
the» limiting . threshold 66- but above-' the 
limiting threshold; )gaifi 3fs 1 variable and 
depends on the peak yalue.of -the half cycle. 
As ,.^r; as ; tfte- -vafia&Ie/gain ; employed 

-bet3yeen the^two> thresholds is : concerned 

Jt^jmay^berequal .tOreitherJ r - 
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nearest one of 128 levels arranged on a .V by; way^of^the lnput/output port" 72 to a 
3 logarithmic scale so that in effect the output ' cbmpandirig - digital /to analogue converter 

- samples fronfthe ABC are the logarithm of: (DAC).' 78 ..which " has /the inverse 65 
the signal applied thereto. /;/ J characteristic of ^the ADC 69 and so 

v 5. : - As in Figure 3 - where a - 'humeral is converts its , digital logarithmic input to a 
adjacent 'to an oblique stroke' 'on '"a hne ; : fme^"aM from the 

1 'representing connections between? circuits, DAC.78 are "passed to a low pass filter and 
: V" the numeral indicates ; the/ iiuriiber' of bits., output, amplifier 79 which serves the same. 70 
V " ^passing by way of the connection;: - ; ' function as the filter' 55 and aihpiifier 56 of 
10 The. operations of detecting half /cycle, t Figure 3, , / . 

■■'•/-peaks arid applying^ appropriate /feed' " Inr Figure 9:i 'reference digital signal 
v iorw'ar d : gaih are-carried Out' by a representative' " of Jhe * noise threshold is 

microprocessor 71 having ?an -mpuiyputput\ p^ssed^ by /way of "switch means .81 to the 75 
:: pori 72 controlled thereby.- 1 ' J 3 ' u ;/ •^••^ii'pui/output port; '72 'and ; a- signal 
15v .' • Thc : -3even~ magnitude -ofts-'and"'' -the'! sign r .representative of the limiting "..threshold 
v .bit - pass ' under - the control v: 6if ; the ;:! ipasses by way of switch v ;meariY 82 to the 
x - microprocessor -^rograhi- v throiigh^ the input/output port. z '. 

input/output port and the microprocessor ^ the^ 80 

v - itseif to a memory 73 whicF-is r notipnally' microprocessor ' TV k shown :in Figure 11/ 
20 divided' into* 'two 256 bit il.A.My sections. Description of the flow chart* is ; started at 
i r.The memory" ' also '* includes i: air !LlD.M.' : ^pr6cess*!83 with 1 the' beginning of a new ; .half 

- ' section of 256 bits which as witlrFiglire 3 : ;cyciep#here the first input/^mple is ipaded 

* stare,: among other r data^ the program for 'the CPV^t&ere/.beihg. do 'pther.jsuitable 85 
si, - the* microprocessor. '• - * - :/ - • ' ; \ :i sample available; 'A test 84 "is ; then carried 
25 / t The processes which tEke- place -m the out to determine whether a zero crossing 
i -microprocessor ' will now' be briefly has occurred at the output^of the queue Ql. 
- ^described c with- reference' to : Figure^ 10. If so a new peak value is applied to the scale 
\ * Signals from the^comp^ding "ApC'69 are process 77 (see Figure 10) in operation 85. If 90 
~ r ' Icoruied into a samples f queue/ '<$[;' ■ zero not and also after operation 85 the current 
30 -crossings -'are detected in a process 74; and ''"sample 'from- tlieVutput of the queiie Ql is 
♦ ' current peak values (GPVs) arc : deiected by pealed in an operation. 86 (equivalent, to 77 
; ; - - comparison with earlier peak ' via\ues 1 in a- ' bh Figure; 40) ami sefttto'' thje companding - 
half cycle* and 1 -'also compared ^^th/ the DAG^oV ^ -■? > - iit ; < 95 

' threshold' vaTfles' in a process; 75. r - r /' ; . The next sample is then obtained "from 
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thresholds or lower than the 'threshold 16 t crossing has occurred jki : the Jall.of the *|qo 
* ' ' ' ' ~ -Ql • an"a''if /not. tffe current^ skrnf 4 

at "89 co find /out whether ft is 1 ti 
le previous sample. If ;not l pp r era 
■ queue ; Ql arid : when a' zero crossing is r 84 to 86 /are carried 'out On the. oilier hand 

detected, the peak value at the head of the : .if : ihe .current sample is greater '"thin the 105 
r .queue Q2 is : read out arid ' applied s to an previous" sample then^ in ^pperatioif ; 91 , the 
45/- output scaling operation 77. In r this current sample is loaded 'as the C£V and 
operation the sample peak value S ? is taken then thepperatipns 84to 86 are 'carried put. 
^ ^ from S^+S,, where Sj is the-current sample : . If the result of test 88\is ; that: a zero, 
value. Since by virtue of the companding ^110 
-ADCv-Sp aridSj-arc-in logarithmic foiTO { ana-vis^'caiTieiPout to see whether the CPV is 
50l - furthermore S-u, is also a logarithmic value, ; greater than thfciimrting threshold 66/ If it is 
the output of UiS process 77 is the logarithm? -then the 'current GPY is 1 put into the queue 
-"of — * : - : * : ; Q2 as a peak value' for a half cycle. However 

/ - •■:■<: .*^r.i A .Syfi-\ <* * : -if the CPV is sihaller than the threshold level \ \ 5 

: • 1 f.v r '1 - • ;~ .66¥TurUfeT"test ; 94 ; is carried out tofind'but 

^ 1 \ . S P / * ' ! whether the CPV is, greater than' the noise 

- s"' • ; . : .'. \ threshold 16. If lo then the CPV is replaced 

: , Since the peaks queue Q2 does not' only ' 'with 4 * ;ih an operation ' 95 arid then, 
55: /coiitain- tme peak ^vsiue S, but also 1 by -operation 93-* "is camed out so ; that in fact" 120 
... substitutibn S^- if the half cycle peak was instead of putting a.CPV into the queue : Q2 
below the noise threshold 16; or either Ti or the value S^ is put into the queue where it 
. - ?T J -cr-(^ L _T N ) :w here -a half cycle peak fell, can be regarded as* a modified CPV. 

: - between thf; thresholds, the operation 77 in-":-' If ih.operaiion 94 the CPV is found to be 
60. 'effect amplifies bynhe appropriate one of gi iater titan the noise-threshold- 16 then the 125 
-j the three factors mentioned. ' v - y ■ \tlue' (T l -^Tn) is used to' replace the CPV in 

Signals from the microprocessor 71 pass operation 96. Thus again for operation 93 
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the CPV added to the queue Q2, that is £T C — each „of successive .portions of ..an- input , 
T N )-can be regarded as a modified,, CPV , signal, ,the portions being -consecutive or 

- value. If the gain to be used ^etAyejatf the ' separated J by intervals, and the 
^ /threshold. levels\ is, to: be/dependent on T L . -characteristic. of each portion* being -related 

instead of .(T^TJ, then 'in.p^ration, $6 the * to "the magnitude.. i>f Vat, least one 65 
CPV is replaced with T L . V;'^!. . instantaneous/value oE the signal in that 

~ ,\The following componen^m^^ the . processing means.: also 

- in R& ure *# for exiampl$;jf-, rs; * ,^ f .being arranged' to operate an, each portion 
; Microprocessbr;24^ MUSTEK Z8t>,.,; ^ of the : input" signal , -ih accd'rrfance with the 

10 In P^P T Utp.utpQrt 72; MpSTEK^ 286, PlO " value measured ' for: that , portion r only 70 
* Memory 73:" * * ' v ^^r-i , provident the measured Rvalue is above a 

; f . (random acce3^memoryHhtei ; p l 2111 ^ . VpredetefmJrigd limiting threshold value, to 
£read only; niejnory )-Intel §7Q8-, T ; ' v prdvTde an. itfujtpjUt IsigW having Successive 
. - r v Comfcafiain^^^^ of^wfiich the. same 

r 1 . . converter 69: JP^ecisipa j r Monql#hics characteristic; 'br<= apotheV characteristic 75 

, . ^ Wc i" t> ^RrJ^ I J '"'L WWpc^.u, ~ .urejajteg , \o k the ^ma^t^e" of- At ". feast one 
^ ? 2 ^iw^V - value ' in ..that - portion, is 

^ SHM— LM — 1 ... . , t ,.; ; - . f . . (J bought;, witiiin a, predetermined -ran£e of 
. Companding, dAgital^tq, analogue, ^yalues^i^ ' *- r ,,. . % , r 

■ J .^ CQnverter.:78: t[ Precision ^Mpjieji^cs^ r i rjr A ; v t meth6d ;of automatic' signal jlevel 80 

.1. fec. DAC— 76 r , - , r ■ c ; j .uc! V 7G adiu3tment including tne step o£measuririg 
' ^Z 1 ^ 1 ^. -! 2 - s ^ v ^ *3$^W$PUV rthe/ value ^f a^ch^aiteristie^f .^ach of 
"v./cl?arac,teiistic ,fo^ : normalisec? ^nputs^and . r .suc^e$sive portiqps ofj ajj r inpVt signal, the 
-^ou^pu^'ot^ con^rtervrppxtio^ being xonse^iitivf ^separated by 

Wljich ^ is " intervals, * and the ^harapieristicr: of : each 85 

o r \s ^■^^■/ --~.T>ni-b 'i---> P9^P^.*eing-rel^tjwi' tajthfcmagnjtade of at 
^ -7c «p -jr* v • iWJM ...t. j. -oo ad ■< r ^ ea ?t p,rjc instantaneous yalue : p£the<signal in 
*tr V3r { : - ; v-i-.-y x-' 1 • ux / jsj -c ws;: £ r ; tbajywrtjon,- an'daha stejp A .of^petatiog on 

* v ^ . -Irv^ ic --\ v }a\]fPhfiz< \" r."^- ?ac5< 'pPrtj/>i\...o? ■the^inpu^t signal, in 

' •rj,- v ■ T ,:^%. c;;ir -pn - : v ;r; c .^accdrdah ( C%, wtth 4 value, measured for 90 

^ y^^^^o^jt,;. v \ £ ; • Uu.oa /^v^uje-Jsj^bay t er a ; predetermined. -rlimiting 

. ; ; . ^x" ;is the n orm i alised ajTialogue, input value,; . ithreshbld ty alue, to pravid e an biitp^t sign al 
3 Q, ^'signifies Naperian logarithha^anp! ^ , r /. haying h i u ^ each of 

T , '--(S??i^V.-. " ' which the -same^ cKam 95 

■ . vW 1 ^ * ^ ■ floi^: ^ 1,651101 ^ .used -.the. j r characteristic^ | related to the^magnitude of ati 
; in'Ku.t/output cS.ara'cte^is^: £ for/ ..thei" -Jeast, 6iie 0 instaata^ieous' * value^ in-»that 

^ c - -?? pa l5^ u ^?^ ^SV^e ^ is as shoyn ii!LKigure r > portjp^, ^s ^ught 'within* a predetermined 

i^^p. •Thie characteristics : s^o^ a^eyrfof- a^, ra^ge of -values. > %Zf > ;. . ?r i r 

. input signM hgving a G'auss^ or ^method -according to 100. 

. , ,Eath^ ^.ciuive cprrg^pp^s, lb t , a r chord of Claim A or .2 wherein the portions are- 

' :* Figure . ,12' ; arid isV<&ighated' by ; tne same -[ consecutive, and each portion is.aihalf gyde, 

• Jiimb^as that chqrd. For example i£the pra group of less than, ten ^half cycles of the 

,40 ,, v thYe.shb]dJevel 66' is 'iet to Odfe t^en^the input signal. - 



f in^yodtpul characteristic; is theline.7,; tliat : 4v" Apparatus or method according to 105 
is' gain in constant, at;'unift.\" , [/ '\ { Claim [\ \ {ov^ wherein - the '^ : said^ 
In a; further exanfipfe;^ the limiting characteristic of the i input -sign d : arid/or the 
threshold level 66 is fixed St-31-3c5b ai\d line ." .output signal is one of the followin&hrr peak 
45 t 2 is tfte characteristic,^ 'tmagni^ude ( of\the portion^ -a, f root or the 

t] arc '^tee areas^ 110 
; r noise ; threshold wjiefe s^st%Qti'4lly.ainity : peak ;magnitud"e,^oc> the median magnitude; 

gain Jsremplbyed, ode between thejjipise^ 'of.fhe instahtahebus vaTues of." the portion. 
.-'I threshold .and T 31.3db .where* ; the\ gaiii is- ' 5; Apparatus according to Claim I, 3>or 4 
; 50, . fixed arid one above -3L3d^ ; wnere the gain wherein the processing means is arranged to 
" ' ^r^^^ accordance with the peak level m generate a control -signal which vanes in 115 
1" half" cycle. - ; j"' '-.^; : ^rn accordance with measured values of the 

J, ..While a number of specific embodiments characteristic of the portions of the input 
r ;bf the invention have ^been ^ described; it will signal,, and , to ^amplify" or -attenuate the 
55 . be app^reciated ^hat the invention can be^put portions of v the, : input signal in accordance' 
'-* rintb^practice in'many other ways. - ^ with .corresponding .portions of the control 120 

WHAT WE C CLAIM. IS;^p : - r - I 6., Apparatus according to Claim H orany 
, r . 4.. Apparatus for automatic -signal^ level r of Claim I to, 5, wherein the .characteristic 
^adjustment, including processing means for . of ^ the, portions of the input and output > 
o0 measuring t^e value of £ characteristic of signals is peak magnitude of. each* half cycle 125 
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of the input and output signals^ and the -.composes „ a:>r. programmable read-only 
processing means is arranged to compare j-mempry: connected to the microprocessor 
each input-signal half-cycle peak magnitude *o pbe : addressed by- ^second signals; .the 
with the. predetermined' Ijmiting threshold ;.- programmable, read-only ; memory being 
value, arid to ^amplify a half- cycle by a programmed to read jmV scale , factors 
variable gain only when the. peak magnitude .-determined... by -applied addresses, and a 
thereof is ahoveJhe limiting threshold value ; multiplying- digital4p-analc'gue' converter 
to bring nil the halFcycles-'ofnhe output^- cpnnected'to receive the first signals at one 
signal, corresponding to those^input half 1 'mpuV ,3 and signals read out from the 
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cycles so amplified, to substantially the 
same value. 

7. Apparatus according to Claim 6 
wherein tne processing means is arranged to 
compare each input-signal half-cycle peak 
magnitude with a noise threshold value in 
addition to and below the limiting threshold 
value, and amplify each half cycle either by 
a comparatively low gain or unity gain if the 
peak value thereof is below the noise 
threshold, or by a comparatively high gain if 
the peak value thereof is between the 
limiting threshold and the noise threshold, 
or by a variable gain related to the peak 
value of that half cycle if the peak value is 
above the limiting value. 

8. Apparatus according to Claim 7 
wherein the comparatively high gain is 
equal to the maximum desired output signal 
level divided either by the limiting threshold 
value or by the limiting threshold value 
minus the noise threshold value. 

9. Apparatus according to Claim 6 
wherein the processing means is arranged to 
amplify each half cycle having a peak value 
below the limiting threshold value by a gain 
equal to the maximum desired output level 
divided by the limiting threshold value. 

10. Apparatus according to Claim 1 or 
any of Claims 3 to 9 wherein the processing 
means comprises a programmed 
microprocessor and an associated memory. 

11. Apparatus according to Claim 10 
wherein the processing means also 
comprises a sample-and-hold circuit for 
sampling analogue signals and an analogue- 
to-digital converter for converting the 
signals held by the sample-and-hold circuit 
to digital signals for the microprocessor. 

12. Apparatus according to Claim II 
wherein the microprocessor is programmed 
to detect peak values of half cycles, to store 
first signals representative of samples of 
apparatus input signals, to store second 
signals representative of peak values or 
determined thereby, and to make the first 
signals for each half cycle of the apparatus 
input signals available successively at the 
microprocessor output or internally, and to 
make available while the first signals are 
made available the second signal for that 
half cycle. 

13. Apparatus according to Claim 12 
wherein the processing means also includes 
variable-gain means for amplifying the 
sample signals, and the variable-gain means 



programmable read only memory at another 75 
input. 

14. Apparatus according to Claim 12, 
insofar as dependent on Claim 6, wherein 
the analogue-to-digital converter is a 
companding converter constructed to go 
provide digital output signals which 
substantially represent the logarithms of 
applied input signals. 

15. Apparatus according to Claim 14 
wherein the microprocessor is programmed 35 
to store, when a peak value of a half cycle is 
between the limiting threshold and the noise 
threshold, a second signal which is 
representative of either the logarithm of the 
limiting threshold value or the logarithm of 90 
the difference between limiting threshold 
value and the noise threshold value, and is 
programmed when a peak value of a half 
cycle peak is below the noise threshold, to 
store a second signal which is representative 95 
of the logarithm of maximum desired output 
signal of the apparatus. 

16. Apparatus according to Claim 15 
wherein the microprocessor is programmed 

to add each of the first signals for each half 100 
cycle to a signal representative of the 
logarithm of the maximum desired output 
signal of the apparatus minus the second 
signal for that half cycle. 

17. Apparatus according to Claim 1 or 105 
Claim 3, 4 or 5 for speech input signals, 
wherein the processing means is arranged to 
measure pitch period and to detect 
unvoiced sounds, and to measure the said 
characteristic over a pitch period when 110 
voiced sounds occur in the apparatus input 
signal and to measure the said characteristic 
over a fixed interval when unvoiced sounds 
occur. 

18. Apparatus according to Claim I or 115 
any of Claim 3 to 8 wherein the processing 
means comprises a computer. 

19. Apparatus for automatic signal level 
adjustment substantially as hereinbefore 
described with reference to, and as shown 120 
in, Figure 3, or Figures 3 and 4 of the 
accompanying drawings. 

20. Apparatus for automatic signal level . 
adjustment substantially as hereinbefore 
described with reference to Figures 3, 4 and 125 
5 and as shown in Figures 3 and 4 of the 
accompanying drawings. 

21. Apparatus for automatic signal level 
adjustment substantially as hereinbefore 
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described with reference to, and as shown ' 23. A method of automatic signal level 
- -in, ^Figure 9 of the accompanying drawings;- adjustment substantially as™"he"reinbefore " * 
22. Apparatus, for automatic signal level -described;" 1 - " 10 

adjustment substantially as hereinbefore - \ " ; - - r , '■' * r t . - r 
5 described with-reference to "Figures 9; 10 • "*>*.;"■". • - C: HASLER ■ - 
and IU and as shown in Figure *9^of the - ^ ' ? Chartered Patent : Agent * 
^accompanying drawin gs. ^ a l^:.^:^ V" ' . ; . ffis ?* s for 'the; Ap^licarite.':, ^ 

: Pubbsh ? d ky T ^ v , ; 

... " ... which xopies may be obtained, * " ; - 1 



3 *• ^ ^ *. l-; 



"if - ' 



{.■s-.^f. 1 ■•; •' . ,T >C.'- . l j ^ - ;■" , 1.1*1:::. 

-r.i . L'' 3 ib^ 'j .:;v\:: \- 
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